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METHOD OF SECURING TISSUE 



^ Background of the Invention 

The present invention relates to a new an improved 



^fgf method of securing tissue against movement relative to a 

5 portion of a bone in a patient's body. 

Various tissue fixation systems have previously been 
utilized to hold portions of body tissue against movement 
relative to each other. When tissue is secured against 



H movement relative to a portion of a bone, it is necessary to 

10 interconnect the bone and the tissue. In this situation, it 
has been a common practice to drill a hole which extends 
into or through the bone. A retaining member such as a 
pin, screw or suture anchor is positioned in the hole after it 
has been drilled in the bone. The concept of utilizing a 
15 retainer member formed of bone to anchor a suture is 
disclosed in U.S. Patent No. 5,626,612. 

Summary of the Invention 

The present invention relates to a new and improved 
method of securing tissue against movement relative to a 
20 portion of a bone in a patient's body. The method includes 



positioning a retainer member formed of bone in the 
portion of the bone in the patient's body and connecting 
the retainer member with the tissue to be secured- The 
step of positioning the retainer member formed of bone in 
the patient's body may include utilizing the retainer 
member to form an opening in a compact outer layer of the 
portion of the bone in the patient's body. 

When the retainer member formed of bone is used to 
form an opening in the portion of the bone in the patient's 
body, the retainer member may advantageously be at least 
partially enclosed in a tubular member- Force may be 
applied against a trailing end portion of the retainer 
member formed of bone to force a leading end portion of 
retainer member into the portion of the bone in the 
patient's body. Movement of the retainer member into the 
portion of the bone in the patient's body may 
advantageously be interrupted when the leading end 
portion of the retainer member has moved to a 
predetermined depth in the bone in the patient's body. 

The retainer member formed of bone may extend 
through and/or tension body tissue which is to be 
connected with the bone in the patient's body by the 
retainer member. The retainer member formed of bone 
may have a head end portion which engages body tissue. 
Alternatively, the retainer member formed of bone may be 
utilized to anchor a suture which is connected with body 
tissue. The retainer member formed of bone may be 



positioned in a bone in the patient's body so as to extend 
across a fracture and hold the portions of the bone on 
opposite sides of the fracture against movement relative to 
each other. 

A retainer member, which may or may not be formed 
of bone, is utilized to immobilize a joint by having the 
retainer member extend between bones at the joint. If it is 
subsequently desired to release the joint for movement, the 
retainer member may be broken. 

Brief Description of the Drawings 

The foregoing and other features of the invention will 
become more apparent upon a consideration of the 
following description taken in connection with the 
accompanying drawings wherein: 

Fig. 1 is a fragmentary schematic sectional view 
illustrating engagement of a retainer member formed of 
bone with tissue which is to be tensioned and connected 
with a bone in a patient's body; 

Fig. 2 is a schematic illustration, similar to Fig. 1, 
illustrating the manner in which the retainer member forms 
an opening in the bone in the patient's body; 

Fig. 3 is a schematic illustration, similar to Figs. 1 and 
2, illustrating the manner in which the tissue is connected 
with the bone by the retainer member; 

Fig. 4 is a schematic illustration, similar to Fig. 3, 
illustrating the manner in which a second embodiment of 
the retainer member formed of bone is used to secure 
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tissue against movement relative to a bone in a patient's 
body; 

Fig. 5 is a fragmentary schematic illustration, similar 
to Fig. 1, illustrating the manner in which a retainer 
member formed of bone is connected with a suture prior to 
being positioned in a bone in a patient's body; 

Fig. 6 is a fragmentary schematic illustration, similar 
to Fig. 5, illustrating the manner in which the retainer 
member is positioned in the bone in the patient's body and 
the suture is used to connect tissue with the bone; 

Fig. 7 is a schematic fragmentary sectional view 
illustrating the manner in which a retainer member formed 
of bone is used to hold a portion of a bone on one side of a 
fracture against movement relative to a portion of the bone 
on the opposite side of the fracture; 

Fig. 8 is a schematic fragmentary sectional view, 
joined similar to Fig. 7, illustrating the manner in which a 
second embodiment of the retainer member formed of bone 
is used to hold a portion of a bone on one side of a fracture 
against movement relative to a portion of the bone on the 
opposite side of the fracture; 

Fig. 9 is a schematic illustration depicting the 
relationship between end portions of bones in patient's 
body at a joint between the bones; 

Fig. 10 is an enlarged schematic fragmentary sectional 
view of the joint of Fig. 9 and illustrating the manner in 
which a retainer member extends across the joint to 



immobilize the joint and hold tissue against movement 
relative td°the joint; 

Fig. 11 is a schematic fragmentary sectional view, 
similar to Fig. 10, illustrating the a manner in which a 
second embodiment of the retainer member is utilized to 
immobilize a joint and hold tissue against movement 
relative to the joint; and 

Fig. 12 is a schematic fragmentary sectional view 
illustrating the manner in which the retainer member of Fig. 
11 is broken to release the joint for movement; and 

Fig. 13 is a schematic fragmentary sectional view, 
similar to Fig. 12, illustrating the manner in which a 
retainer member is moved into bones at a joint to , 
immobilize the joint and hold tissue against movement 
relative to the joint. 

Description of Specific 
Preferred Embodiments of the Invention 

Embodiment of Figs, 1-3 

In the embodiment of the invention illustrated in Figs. 
1-3, a retainer member 20 formed of bone is utilized to 
hold body tissue 22 against movement relative to a portion 
of a bone 24 in a human patient's body. The retainer 
member 20 may formed of bone which is allograft, 
autograft, or heterograft. However, it is contemplated that 
it may be preferred to form the retainer member 20 of 
freeze dried hard cortical bone. 



The tissue 22 is connective tissue, such as a ligament 
of tendon. However, the tissue 22 could be other types of 
tissue if desired. 

When the tissue 22 is to be connected with the bone 
24, the retainer member 20 is inserted through an end 
portion 28 of the tissue 22. The retainer member 20 is 
then pulled toward the right (as viewed in Fig. 1), in the 
manner indicated by an arrow 30 in Fig. 1, to tension the 
tissue 22. The end portion 28 of the tissue 22 is moved 
rightward from an initial position (Fig. 1) to a connecting 
position (Fig. 2) as the tissue is tensioned. 

The retainer member 20 is then positioned in the bone 
24 in the patient's body in the manner illustrated in Figs. 2 
and 3. The retainer member 20 extends through a compact 
outer or cortical layer 32 of the bone into cancellous bone 
34. A cylindrical outer side surface 36 (Fig. 3) on the 
installed retainer member 20 engages the end portion 28 of 
the tissue 22, the compact outer layer 32 of the bone 24, 
and the cancellous bone 34 to maintain tension in the 
tissue 22 and hold the tissue against movement relative to 
the bone 24. Although it is preferred to form the retainer 
member 20 with a cylindrical outer side surface 36, is 
contemplated that the retainer member 20 could have a 
different configuration if desired. 

In accordance one of the features of the present 
invention, the retainer member 30 is utilized to form an 
opening 40 (Figs. 2 and 3) at a location in the bone 24 



where there is no naturally occurring opening (Fig. 1). 
Although it is preferred to initiate formation of the opening 
40 with the retainer member 20 at a location in the bone 24 
which is free of openings (Fig. 1), it is contemplated that a 
small opening could be predrilled through the compact 
outer layer 32 and into the cancellous bone 34 if desired. 
This small pilot opening would function to facilitate locating 
a leading end portion 44 of the retainer member 20 relative 
to the bone 24. 

If a pilot opening is formed in the bone 24, the 
retainer member 20 would enlarge the pilot opening . As 
the pilot opening is enlarged by the retainer member 20, 
the opening 40 in the bone 24 would be formed to a 
configuration corresponding to the configuration of the 
outer side surface 36 of the retainer member. For example, 
if the retainer member 20 has a rectangular outer side 
surface 36 the opening 40 would be formed to have a 
rectangular cross-sectional configuration as the retainer 
member is moved into the pilot opening. Alternatively, if 
the retainer member 20 has a cylindrical outer side surface 
36, the retainer member would form the opening 40 with a 
cylindrical side surface. 

The illustrated retainer member 30 is a solid 
cylindrical body of hard cortical bone. However, it is 
contemplated that an axially extending passage could be 
formed through the retainer member 20. This axially 
extending passage would accept a long, thin guide member 



(not shown), such as a K-wire. The guide member, that is, 
the K-wire, would be utilized to initiate formation of a small 
opening extending through the compact outer or cortical 
layer 32 into the cancellous bone 34. 

The retainer member 20 would then be moved along 
the guide member until the leading end portion 44 of the 
retainer member 20 engages the hard, compact outer layer 
32 of the bone 24. The retainer member 20 would then be 
utilized to form an opening 40 in the compact outer layer 
32 of the bone 24 with a cross-sectional configuration 
corresponding to the cross-sectional configuration of the 
retainer member. During formation of the opening 40 with 
the retainer member 20, the retainer member would be 
moved axially along the guide rod or wire. Once the 
retainer member 20 has been moved to a desired position 
relative to the bone 24, the guide wire or rod would be 
removed from the bone and from the retainer member. 

In the embodiment of the invention illustrated in Figs. 
1-3, it is preferred to initiate formation of the opening 40 in 
the bone 24 with the retainer member 20. Prior to 
initiation of formation of the opening 40 with the retainer 
member 20, a hard outer surface 48 is removed from the 
compact outer layer 32 of bone by a decortication process. 
The decortication process is performed by abrading the 
hard outer surface 48 on the compact outer layer 32 of 
bone to expose an imperforate inner area 50 at a location 



where the retainer member 20 is to be utilized to form the 
opening 40 (Figs. 2 and 3) in the bone 24. 

Once the decortication process has been completed, 
the retainer member 20 is moved through the end portion 
28 of the tissue 22 in the manner illustrated schematically 
in Fig. 1. The retainer member 20 is then pulled toward 
the right (as viewed in Fig. 1) to obtain a desired level of 
tension in the tissue 22. This moves the end portion 28 of 
the tissue 22 from the initial position of Fig. 1 to the 
connecting position of Fig. 2. 

A pointed leading end portion 44 of the retainer 
member 20 is then moved into engagement with the 
imperforate inner area 50 on the compact outer layer 32 of 
bone 24. The retainer member 20 initiates formation of the 
opening 40. The retainer member 20 is then moved axially 
through the compact outer layer 32 to the cancellous bone 
34 (Figs. 2 and 3). To move the retainer member 20 
through the compact outer layer 32, the retainer member 
20 may be rotated about its longitudinal central axis 54 and 
moved axially into the bone 24 in much the same manner in 
which a drill is rotated about its central axis and moved 
into a member being drilled. 

It is believed that it will be preferred to move the 
retainer member 20 into the bone 24 under the influence of 
an axial force without rotating the retainer member about 
its central axis 54. Since bone has a relatively high 
compressive strength, the retainer member 20 formed of 



-10- 



bone can be utilized to transmit relatively large forces 
along the longitudinal central axis 54 of the retainer 
member 20 to force the retainer member into the bone 24. 
However, bone has a relatively low tensile strength and 
cannot transmit large transverse loads. Therefore, when 
the retainer member 20 is moved into the bone 24 under 
the influence of axial forces, there may be a tendency for 
the retainer member to shear or fail by a lateral buckling or 
fracture of the retainer member rather than by direct 
compression of the retainer member. 

In order to support the retainer member 20 during 
movement of the retainer member into the bone 24, the 
retainer member is advantageously inserted into a tubular 
cylindrical metal sleeve or member 58 (Fig. 2). An annular 
end portion 62 of the cylindrical sleeve 58 is positioned in 
engagement with the inner area 50 on the compact outer 
layer 32 at a location where the retainer member 20 is to 
be moved into the bone 24. A point on the conical leading 
end portion 44 of the retainer member engages the inner 
area 50 on the bone 24 at a location where the formation 
of the opening 40 is to be initiated. 

When the retainer member 20 is to be moved through 
the tissue 32 into the bone 24, the manner illustrated in 
Figs- 1 and 2, the tubular cylindrical sleeve or member 58 is 
also moved through the end portion 28 of the tissue 22 
(Fig. 2). However, if desired, the retainer member 20 could 
be moved into the bone 24 to the position illustrated in Fig. 



3 and the end portion 28 of the tissue then positioned in 
engagement with the retainer member 20. However, it is 
believed that it will be preferred to insert the retainer 
member 20 through the end portion 28 of the tissue 22 
before the retainer member is moved into the bone 24 (Fig. 
1) so that the retainer member 20 can be utilized to tension 
the tissue 22. 

The tubular member 58 may be moved through the 
end portion 28 of the tissue 22 (Fig. 2) contemporaneously 
with the retainer member 20. The conical leading end 
portion 44 of the retainer member 20 would project from 
the end of the tubular member 58. This would enable the 
leading end portion 44 of the retainer member 20 to be 
utilized to pierce the tissue 22 to initiate the formation of 
an opening in the tissue. The tubular sleeve 58 can then 
be utilized to further form the opening in the tissue 22 as 
the sleeve is moved into the end portion 28 of the tissue. 
The sleeve 58 may be utilized to apply force to the end 
portion 28 of the tissue 22 during tensioning of the tissue, 
that is, during movement of the tissue toward the right (as 
viewed in Fig. 1). 

The retainer member 20 is moved out of the tubular 
sleeve 58 into the compact outer layer 32 of the bone 24 
(Fig. 2). To move the retainer member 20 out of the sleeve 
58 into the bone 24, a pusher member 66 is utilized to 
apply an axial force to a trailing end portion 68 (Fig. 2) of 
the retainer member 20. The axial force applied by the 



pusher member 36 has been indicated schematically by an 
arrow 70 in Fig. 2T 

The force 70 applied by the pusher member 66 against 
the trailing end portion 68 of the retainer member 20 
moves the pointed leading end portion 44 of the retainer 
member 20 into the compact outer layer 32 of the bone 24 
and initiates the formation of the opening 40. The tubular 
sleeve 58 engages the cylindrical outer side surface 36 of 
the retainer member 20 to support the retainer member 
against sidewise loading. This results in the retainer 
member being subjected only to compressive forces as the 
retainer member is forced into the bone 24. 

As the retainer member 20 moves into the bone 24, , 
the material of the compact outer layer 32 of a bone is 
displaced sideways by the leading end portion 44 of the 
retainer member. As the retainer member 20 continues to 
move into the compact outer layer 32 of the bone 24, the 
material of the compact outer layer supports the retainer 
member 20 against transverse loading in much the same 
manner as in which the tubular sleeve 58 supports the 
retainer member 20. Therefore, the pusher member 68 can 
apply a relatively large axial force to the retainer member 
20 without failure, that is without fracture or buckling, of 
the retainer member 20. The pusher member 66 has a 
cylindrical outer side surface with the same diameter as the 
cylindrical outer side surface 36 of the retainer member 20 
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and of the passage extending through the tubular sleeve 
58. 

In accordance with another of the features of the 
present invention, the retainer member 20 is moved 
through a predetermined distance into the bone 24. During 
movement of the retainer member 20 into the bone 24 
under the influence of the axial force 70, the extent of 
movement of the retainer member into the bone 24 is 
determined. The step of moving the retainer member 20 
axially into the bone 24 is interrupted when the leading end 
portion 44 of the retainer member 20 has moved through 
the compact outer layer 32 of the bone 24 and has moved a 
predetermined distance into the cancellous bone 34. 

In order to enable the extent of penetration of the 
retainer member 20 into the bone 24 to be determined 
during movement of the retainer member into the bone, 
indicia 74 is provided on the pusher member 66. The 
indicia 74 cooperates with the tubular sleeve 58 to indicate 
the extent of movement of the retainer member 20 into the 
bone 24. When the indicia 74 indicates that the retainer 
member 20 is moved through a desired distance into the 
bone 24, the application of the force 70 against the retainer 
member 20 by the pusher member 66 is interrupted. 

In the embodiment of the invention illustrated in Fig. 
2, the indicia 74 is provided by a plurality of bands of 
different color on the pusher member 66. Each of the 
annular bands on the cylindrical pusher member 66 
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corresponds to a different extent of movement of the 
retainer member 20 into the bone 24. When a band of a 
color corresponding to a desired extent of movement of the 
retainer member 20 into the bone 24 is aligned with an 
annular upper end 76 of the tubular sleeve 58, the 
application of the force 70 to the pusher member is 
interrupted. 

It should be understood that although the indicia 74 
has been illustrated in Fig. 2 as being formed by annular 
bands of different colors, the indicia 74 could be formed by 
suitable alphanumeric characters if desired. Rather than 
providing the indicia 74 on the pusher member 66, a stop 
element could be provided on the pusher member. The 
stop element would be moved into engagement with a 
selected one of a plurality of slots which have different 
lengths and extend axially along the tubular sleeve 58. Of 
course, other methods of indicating the extent of movement 
of the retainer member 20 into the bone 24 could be 
utilized if desired. 

Once the retainer member 20 has been moved to the 
desired position relative to the bone 24, the pusher member 
66 is removed from the tubular sleeve 58. The tubular 
sleeve 58 is removed from the end portion 28 of the tissue 
22. This results in the tissue 22 being secured against 
movement relative to the bone 24 by the retainer member 
20 (Fig. 3). Therefore, forces resulting from tension in the 



tissue 22 are transmitted through the retainer member 20 
to the bone 24. 

The retainer member 20 is effective to secure the 
tissue 22 against movement relative to the bone 24 during 
healing of the tissue. Since the retainer member 20 is 
formed of bone, the retainer member promotes healing and 
does not have to be removed after the tissue 22 has 
healed. 

The foregoing description has assumed that the 
retainer member 20 is inserted through the end portion 28 
of the tissue 22 and then moved into the bone 24. 
However, if desired, the retainer member 20 could be 
moved into the bone 24 prior to engaging the tissue 22. If 
this was done, the end portion 28 of the tissue 22 would be 
pulled to tension the tissue and would then be forced 
downward, as viewed in Figs. 2 and 3, onto the exposed 
trailing end portion 68 of the retainer member 20. If 
desired, a point could be provided on the trailing end 
portion 68 of the retainer member 20 to facilitate 
movement of the retainer member into the end portion 28 
of the tissue 22. 

Embodiment of Fig, 4 

In the embodiment of the invention illustrated in Figs. 
1-3, a cylindrical retainer member 20 is utilized to secure 
the tissue 22 against movement relative to the bone 24. In 
the embodiment of the invention illustrated in Fig. 4, a 
head end portion is provided on the retainer member to 
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clamp the tissue against the bone. Since the embodiment 
of the invention illustrated in Fig. 4 is generally similar to 
the embodiment of the invention illustrated in Figs. 1-3, 
similar numerals will be utilized to designate similar 
components, the suffix letter "a" being added to the 
numerals of Fig. 4 to avoid confusion. 

A retainer member 20a (Fig. 4) is formed of bone and 
is utilized to secure tissue 22a against movement relative to 
bone 24a in a human patient's body. The retainer member 
20a is also utilized to maintain tension in the tissue 22a. 
The retainer member 20a has a cylindrical shank portion 80 
which extends through an end portion 28a of the tissue 
22a. The shank portion 80 of the retainer member 20a 
extends through a compact outer layer 32a of the bone 24a 
into cancellous bone 34a which is enclosed by the compact 
outer layer 32a. The shank portion 80 is utilized to form an 
opening 40a in the bone 24a. 

In accordance with a feature of this embodiment of 
the invention, the retainer 20a has a circular head end 
portion 82 which projects radially outward from the 
cylindrical shank portion 80 and is effective to apply force 
against the end portion 28a of the tissue 22a. Both the 
head end portion 82 and the shank portion 80 of the 
retainer member 20a are formed of bone. The head end 
portion 82 and the shank portion 80 are formed by a single 
piece of hard cortical bone which has been freeze dried. 



The head end portion 82 of the retainer 20a is 
effective to clamp the end portion 28a of th°e tissue 22a 
against an inner area 50a on the compact outer layer 32a 
of the bone 24a. The inner area 50a is formed by a 
decortication process during which a portion of a hard outer 
surface 48a is removed. Removal of the hard outer surface 
48a facilitates penetration of the bone 24a by the retainer 
member 20a. 

The end portion 28a of the tissue 22a is engaged by 
the shank portion 80 of the retainer member 20a, in the 
same manner as is illustrated in Fig. 1 for the retainer 
member 20. The tissue 22a is then tensioned by moving 
the retainer member 20a and the end portion 28a of the 
tissue toward the right (as viewed in Fig. 4), in the same 
manner as is schematically illustrated in Figs. 1 and 2 for 
the tissue 22. The shank portion 80 of the retainer member 
20a is then utilized to form an opening in the bone 24a. 

The head end portion 82 of the retainer member 20a 
is pressed firmly against the end portion 28a of the tissue 
22a to hold the tissue in place and maintain a desired 
tension in the tissue. Although it is preferred to tension 
the tissue 22 and 22a of Figs. 1-4 and to maintain the 
tension in the tissue with the retainer members 20 and 20a, 
the retainer members could be utilized to hold the tissue in 
place without tensioning the tissue. 

In the embodiment of the invention illustrated in Fig. 
4, the shank portion 80 of the retainer member 20a is 
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utilized to initiate formation of the opening 40a at a 
location which is free of naturally occurring openings. 
However, a small pilot opening could be provided in the 
manner previously described in connection with the 
embodiment of the invention illustrated in Figs. 1-3. As 
was previously mentioned, the pilot opening could be 
formed with a drill or a long thin member, such as a K-wire. 
If a long thin member is used to form the pilot opening, the 
retainer member 20a could be provided with an axial 
passage extending through the shank portion 80 and the 
head end portion 82. The long thin member would be 
inserted through the passage in the retainer member 20a 
and utilized to guide movement of the retainer member into 
the bone 24a. 

Embodiment of Figs, 5 and 6 

In the embodiment of the invention illustrated in Figs. 
1-4, the retainer member 20 formed of bone extends 
through the tissue 22 to interconnect the retainer member 
and the bone 24. In the embodiment of the invention 
illustrated in Figs. 5 and 6, a retainer member formed of 
bone is connected with tissue by a suture. Since the 
embodiment of the invention illustrated in Figs. 5 and 6 is 
generally similar to the embodiments of the invention 
illustrated in Figs. 1-4, similar numerals will be utilized to 
designate similar components, the suffix letter "b" being 
associated with the numerals of Figs. 5 and 6 to avoid 
confusion. 
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A retainer member 20b (Figs. 5 and 6) is formed of 
bone! The retainer member 20b may be formed of hard 
cortical bone which has been freeze dried. The retainer 
member 20b is utilized to secure tissue 22b (Fig. 6) against 
movement relative to a bone 24b in a human patient's 
body. 

In accordance with a feature of this embodiment of 
the invention, a suture 86 is utilized to connect the retainer 
member 20b with the body tissue 22b. The suture 86 
extends through an opening 88 formed in the retainer 
member 20b. The suture 86 may be connected with the 
body tissue 22b by a suitable knot 90 (Fig. 6). 
Alternatively, a fastener or crimp may be utilized to connect 
end portions of the suture 86. The crimp could have a 
construction similar to that disclosed in U.S. Patent No. 
5,593,425. 

The retainer member 20b is disposed in cancellous 
bone 34b. The retainer member 20b is supported by the 
cancellous bone 34b in a spaced apart relationship with a 
compact outer layer 32b (Fig. 6) of bone which encloses 
the cancellous bone 34b. Therefore, the cancellous bone 
34b is effective to support the retainer member 20b against 
movement under the influence of force transmitted to the 
retainer 20b through the suture 86. 

The suture 86 extends through an opening 40b formed 
in the compact outer layer 32b of the bone 24b. The 
opening 40b was formed in the bone 24b by the retainer 
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member 20b. The suture 86 extends from the opening 40b 
into engagement with an end portion 28b of the tissue 22b. 

The suture 86 may extend through the end portion 
28b of the tissue 22b, in much the same manner as in 
which the retainer 20 of Fig. 3 extends through the end 
portion 28 of the tissue 22. Alternatively, sections 94 and 
96 of the suture 86 could be wrapped around the tissue 22b 
to secure the tissue against movement relative to the bone 
24b. Tension transmitted through the sections 94 and 96 
of the suture 86 is applied to the tissue 22b and firmly 
clamps or presses the tissue against an inner area 50b 
formed on the compact outer layer 32b by removing a hard 
outer surface 48b of the bone 24b with a decortication 
process. 

Tension forces transmitted through the sections 94 
and 96 of the suture 86 to the retainer member 20b are 
transmitted from a cylindrical outer side surface 36b of the 
retainer member 20b to the cancellous bone 34b. The 
retainer member 20b is completely enclosed by a matrix of 
the cancellous bone 34b. Therefore, the outer side surface 
36b on the retainer member 20b is pressed against only the 
cancellous bone 34b under the influence of forces 
transmitted through the suture 86 to the retainer member 
20b. The cancellous bone 34b resists these tension forces 
and supports the retainer member 20b in a spaced apart 
relationship with the compact outer layer 32b. This results 



in the retainer member 20b being supported by the 
cancellous bone 34b. 

The retainer 20b is moved into the bone 24b in the 
same manner as previously explained in conjunction with 
the embodiment of the invention illustrated in Figs. 1-3. 
However, the retainer 22b is moved completely through the 
compact outer layer 32b of the bone 24b into the 
cancellous bone 34b. Once this has occurred, the 
orientation of the retainer member 20b relative to the bone 
24b is changed by rotating the anchor 20b through ninety 
degrees (90°) with a toggling action in a manner similar to 
that disclosed in U.S. Patent Nos. 5,527,343 and 5,534,012. 

To position the retainer member 20b relative to the 
bone 24b, the conical leading end portion 44b (Fig. 5) on 
the retainer member 20b is moved into engagement with 
the imperforate inner area 50b on the compact outer layer 
32b of the bone 24b. At this time, a central axis 54b of the 
retainer member 20b extends perpendicular to the surface 
50b. An axially directed force, corresponding to the force 
70 in Fig. 2, is then applied to the retainer member 20b. 
This force results in the pointed leading end portion 44b of 
the retainer member 20b penetrating the compact outer 
layer 32b of the bone 24b to initiate formation of the 
opening 40b (Fig. 6). 

Continued application of the axial force to the retainer 
member 20b results in the opening 40b being formed in the 
compact outer layer 32b of the bone 24b. If desired, a 
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pilot opening could be formed in the compact outer layer 
32b of the bone 24b to facilitate locating of the retainer 
member 20b relative to the bone 24b. The retainer 
member 20b would then be utilized to enlarge the pilot 
opening and form the opening 40b as the retainer member 
20b is moved axially through the compact outer layer 32b 
of the bone 24b. 

The retainer member 20b is moved completely through 
the compact outer layer 32b of the bone 24b with the 
retainer member in the orientation illustrated in Fig. 5, that 
is, with the central axis 54b of the retainer member 
extending perpendicular to the inner area 50b on the 
compact outer layer 32b, Once the retainer member 20b 
has been moved completely through the compact outer 
layer 32b, the sections 94 and 96 of the suture 86 are 
tensioned and the anchor is rotated through 90 to the 
orientation illustrated in Fig. 6 with a toggling action. 

During movement of the retainer member 20b through 
the compact outer layer 32b of the bone 24b and during 
formation of the opening 40b, it is contemplated that it may 
be desirable to support the retainer member 20b with a 
tubular sleeve, similar to the tubular sleeve 58 of Fig. 2. If 
this is done, the suture 86 would extend axially through the 
tubular sleeve. The pusher member 66 of Fig. 2, could be 
provided with a central opening through which the suture 
86 extends or the suture 86 could extend along an outer 
side of the pusher member. It is contemplated that the 
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pusher member 66 may be moved axially through the outer 
layer 32b (Figs, 5 and 6) of the bone 24b to apply force 
against a trailing end portion 68b of the retainer member 
20b during toggling or rotation of the retainer member 20b 
to the orientation illustrated in Fig. 6. The retainer 
member 20b may be moved from the orientation shown in 
Fig, 5 to the orientation shown in Fig. 6 with a toggling 
action similar to that disclosed in U.S. Patent Nos. 
5,522,846 and 5,534,012. 

In the embodiment of the invention illustrated in Figs. 
5 and 6, the retainer member 20b is moved through the 
compact outer layer 32b into the cancellous bone 34b. The 
orientation of the retainer member 20b is then changed 
with a togging action. However, it is contemplated that the 
retainer 20b could be positioned in the bone 24b in a 
different manner if desired. For example, the retainer 20b 
could be positioned in the bone 24b in the same manner as 
previously described in conjunction with the embodiment of 
the invention illustrated in Figs. 1-3. If this was done, the 
trailing end portion 68b of the retainer member 20b would 
extend from the bone 24b with the axis 54b extending 
perpendicular to the inner area 50b. 

If the retainer 20b is positioned in the manner 
illustrated in Figs. 1-3, the suture 86 could extend from a 
suture opening 88 in the trailing end portion 68b of the 
retainer member 20b. This would facilitate moving the 
suture 86 relative to the retainer member 20b when the 



-24- 



retainer member is positioned in the bone 24b. The trailing 
end portion 68b of the retainer 20b would extend outward 
from the inner area 50b on the compact outer layer 32b of 
the bone 24b- This would result in the suture opening 88 
in the retainer 20b being exposed so that the bone 24b 
would not impede movement of the suture 86 relative to 
the retainer member 20b. 

Embodiment of Fig- 7 

In an embodiment of the invention illustrated in Figs. 
1-6, a retainer member of bone is utilized to position 
tissue, such as a tendon or ligament, relative to a bone. In 
the embodiment of the invention illustrated in Fig. 7, a 
retainer member formed of bone is utilized in the treatment 
of a fractured bone. Since the embodiment of the invention 
illustrated in Fig. 7 is generally similar to the embodiment 
of the invention illustrated in Figs. 1-6, similar numerals 
will be utilized to designate similar components, the suffix 
letter "c" being associated with the numerals of Fig. 7 to 
avoid confusion. 

A bone 24c has a fracture 102 which divides the bone 
24c into a first portion 104 at a second portion 106. The 
two portions 104 and 106 of the bone 24c are formed by a 
compact outer layer 32c which encloses cancellous bone 
34c. "A retainer member 20c secures the first and second 
portions 104 and 106 of the bone 24c against movement 
relative to each other. The retainer member 20c is formed 
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of bone. The retainer member 20c may be formed of hard 
cortical bone which has been freeze dried. 

The retainer member 20c is positioned in the first 
portion 104 of the bone 24c. The retainer member 20c 
extends into the second portion 106 of the bone 24c to 
connect the second portion 106 of the bone 24c with the 
first portion 104 of the bone 24c. Thus, the second portion 
106 of the bone 24c is tissue which is connected with the 
first portion 104 of the bone 24c by the retainer member 
20c. 

The retainer member 20c has the same construction 
as the retainer member 20 of Figs. 1-3. The retainer 
member 20c is positioned in the bone 24c in the same 
manner as previously explained in conjunction with the 
embodiment of the invention illustrated in Figs. 1-3. Thus, 
the retainer member 20c is utilized to form an opening 40c 
in the bone 24c. A tubular sleeve, similar to the tubular 
sleeve 58 of Fig. 2, may be utilized to enclose the retainer 
member 20c during forming of the opening 40c. 

During positioning of the retainer member 20c in the 
first and second portions 104 and 106 of the bone 24c, the 
retainer member 20c is utilized to form an opening 40c 
which extends through the first portion 104 of the bone 24c 
into the second portion 106 of the bone 24c. In the 
embodiment of the invention illustrated in Fig. 7, the 
opening 40c is terminated in the compact outer layer 32c of 
the second portion 106 of the bone 24c. However, if 
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desired, the opening 40c could extend through both the 
first portion 104 and the second portion 106 of the bone 
24c. If this was done, the retainer member 20c would be 
moved downward (as viewed in Fig. 7) so that the leading 
end portion 44c of the retainer member would extend 
beyond the lower surface of the compact outer layer 32c on 
the portion 106 of the bone 24c. The leading end portion 
44c of the retainer member could then be cut or abraded so 
that the lower (as viewed in Fig. 7) end of the retainer 
member 20c would be smooth or flush with the lower (as 
viewed in Fig. 7) surface of the bone 24c. 

When the retainer member 20c is to be positioned 
relative to the bone 24c, a hard outer surface 48c on the 
bone 24c is removed with a decortication process. This 
exposes an imperforate inner area 50c on the compact 
outer layer 32c of the bone 24c. The retainer member 20c 
is positioned in a tubular sleeve or member having the 
same construction as the tubular sleeve or member 58 of 
Fig. 2. An end portion of the tubular member is positioned 
adjacent to the inner area 50c with the pointed leading end 
portion 44c of the retainer member 20c disposed in 
engagement with the compact outer layer 32c of the bone 
24c. 

The retainer member 40c is then utilized to form the 
opening 20c. If desired, a small pilot opening could be 
formed through the first portion 104 and into the second 
portion 106 of the bone 24c. The retainer member 20c 
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would then be utilized to form the opening 40c by enlarging 
the small pilot opening. 

To form the opening 40c with the retainer member 
20c, a pusher member, corresponding to the pusher 
member 66 of Fig. 2, is inserted into the tubular sleeve or 
member, corresponding to the tubular sleeve or member 58 
of Fig. 2, in which the retainer member 20c is disposed. 
Force is then applied against the trailing end portion 68c of 
the retainer member 20c while the retainer member is 
supported against sidewise fracturing or buckling by the 
tubular sleeve. 

The leading end portion 44c of the retainer member 
20c moves through the compact outer layer 32c on the 
portion 104 of the bone 24c under the influence of the 
force applied against the trailing end portion 68c of the 
retainer member 20c. During the continued application of 
force to the trailing end portion 68c of the retainer member 
20c, the leading end portion 44c of the retainer member 
moves through the cancellous bone 34c and moves across 
the fracture 102 into the second portion 206 of the bone 
24c. When the leading end portion 44c of the retainer 
member 20c has moved part way through the compact 
outer layer 32c on the second portion 106 of the bone 24c 
to the position illustrated in Fig. 7, the application of force 
to the trailing end portion 68c of the retainer member 20c 
is interrupted. 
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To enable movement of the retainer member 20c into 
the bone 24c to be interrupted when the retainer member is 
in the position illustrated in Fig. 7, the extent of movement 
of the leading end portion 44c of the retainer member 20c 
relative to the bone 24c is determined during movement of 
the retainer member 20c into the bone toward the position 
illustrated in Fig. 7. Determining the extent of movement 
of the retainer member 20c into the bone 24c may be 
accomplished by having indicia on the pusher member 
cooperate with the tubular sleeve which encloses the 
retainer member 20c during the application of force to the 
trailing end portion 68c of the retainer member 20c. The 
manner in which the indicia on the pusher member 
cooperates with the tubular sleeve to indicate the extent of 
movement of the leading end portion 44c of the retainer 
member 20c is the same as was previously discussed in 
conjunction with the embodiment of the invention 
illustrated in Fig. 2. 

As was previously mentioned, a different method of 
indicating the extent of movement of the pusher member 
relative to the tubular sleeve could be utilized, for example, 
suitable slots in the tubular sleeve could be engaged by a 
indicator pin extending from the pusher member. Indicia 
could be provided on the tubular sleeve adjacent to the 
slots or the slots could have stop surfaces which limit the 
extent of movement of the pusher member and, therefore, 
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the extent of movement of the retainer member 20c into 
the bone 24c. 

Embodiment of Fig, 8 

The embodiment of the invention illustrated in Fig. 7, 
a cylindrical retainer member 20c is utilized to treat a 
fracture 102 in a bone 24c. In the embodiment of the 
invention illustrated in Fig. 8, the retainer member used to 
treat the fracture in a bone has a relatively large head end 
portion. Since the embodiment of the invention illustrated 
in Fig. 8 is generally similar to the embodiments of the 
invention illustrated in Figs. 1-7, similar numerals will 
utilized to designate similar components, the suffix letter 
"d" being associated with the numerals of Fig. 8 to avoid 
confusion. 

A retainer member 20d (Fig. 8) is utilized to treat a 
fracture 102d in a bone 24d. The retainer member 20d has 
a cylindrical shank portion 80d which extends across the 
fracture 102d. A circular head end portion 82d is 
connected with the shank portion 80d. The retainer 
member 20d is integrally formed as one piece of bone. The 
retainer member 20d may be formed of hard cortical bone 
which has been freeze dried. 

The fracture 102d divides the bone 24d into a first 
portion 104d and a second portion 106d. The bone 24d has 
a compact outer or cortical layer 32d which enclosed 
cancellous bone 34d. The compact outer layer 32d forms 
part of the first portion 104d and the second portion 106d 
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of the bone 24d. Similarly, the cancellous bone 34d forms 
part of both the first and second portions 104d and 106d of 
the bone 24d. 

The fastener 20d is positioned relative to the bone 
imperforate 24d with the head end portion 82d in 
engagement with an inner area 50d which is exposed by 
removing a portion of a hard outer surface 48d on the 
compact outer layer 32d. A leading end portion 44d on the 
shank portion 80d of the retainer member 20d is then 
positioned in engagement with the inner area 50d of the 
portion 104d of the bone 24d. An axial force is applied 
against the head end portion 82d of the fastener 20d to 
move the leading end portion 44d of the fastener through 
the portion of the compact outer layer 32d disposed on the 
first portion 104d of the bone 24d. 

As force continues to be applied against the head end 
portion 82d of the fastener 20d, the leading end portion 
44d of the fastener 20d moves into the cancellous bone 34d 
and across the fracture 102d. Movement of the retainer 
member 20d into the bone 24d is not interrupted until after 
the shank portion 80d of the retainer member 24d has 
moved through the portion of the compact outer layer 32d 
disposed on the portion 106d of the bone 34d. When the 
fastener 20d has been moved to the position shown in Fig. 
8 with the head end portion 82d firmly pressed against the 
inner area 50d, the leading end portion 44d of the fastener 
20d is removed. This results in the leading end of the 



shank portion 80d being disposed flush with the outer side 
surface of the second portion 106d of the bone 24d. 

During movement of the retainer member 20d into the 
bone 24d, the shank portion 80d of the retainer member 
forms an opening 40d which extends through the first 
portion 104d of the bone 24d. The opening 40d extends 
across the fracture 102d and through the second portion 
106d of the bone 24d. A small pilot opening extending to 
the bone 24d may be formed prior to movement of the 
retainer member 20d into the bone 24d. If this is done, the 
retainer member 20d applies force to the bone 24d to 
enlarge the small pilot opening and form the relatively large 
opening 40d in the bone 24d. 

Embodiment of Figs. 9 and 10 

In the embodiment of the invention illustrated in Figs. 
1-8, the retainer member has been illustrated as being 
associated with bone at a location which is spaced at least 
a short distance from a joint- Of course, the retainer 
members of Figs. 1-8 could be associated with bone at a 
joint if desired. In the embodiment of the invention 
illustrated in Fig. 9, a retainer member extends between 
bones at a joint where the bones are interconnected. Since 
the embodiment of the invention illustrated in Figs. 9 and 
10 is generally similar to the embodiment of the invention 
illustrated in Figs. 1-8, similar numerals will be utilized to 
designate similar components, the suffix "e" being 
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associated with the numerals of Figs. 9 and 10 to avoid 
confusion. 

Bones 112 and 114 (Figs. 9 and 10) are 
interconnected at a joint 116. Tissue 22e extends along 
the bone 112 into the joint 116. It is contemplated that 
the joint 116 may be any one of the many joints in a 
patient's body. 

In accordance with a feature of this embodiment of 
this invention, a retainer member 20e extends between the 
bones 112 and 114. The retainer member 20e has a 
cylindrical configuration. The retainer member 20e is 
formed from one piece of bone in the same manner as the 
retainer members 20 of Figs. 1-8. The retainer member 
20e may be formed of hard cortical bone which has been 
freeze dried. However, the retainer member 20e could be 
formed of other materials if desired. 

The retainer member 20e extends through the tissue 
22e to secure the tissue against movement relative to the 
bones 112 and 114. In addition, the retainer member 20e 
immobilizes the joint 116. Thus, the retainer member 20e 
is effective to prevent relative movement between the 
bones 112 and 114 at the joint 116. 

The joint 116 may be permanently immobilized. 
However, after the tissue 22e has healed, it may be desired 
to release the bones 112 and 114 for movement relative to 
each other at the joint 116. This may be accomplished by 
breaking the retainer member 20e. 
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To break the bone forming the retainer member 20e, 
it is merely necessary to move one of the bones, for 
example the bone 114, relative to the other bone 112. The 
force transmitted from the bones 112 and 114 to the 
retainer member 20e will cause the retainer member to 
break or snap and thereby release the bones 112 and 114 
for movement. Since the retainer member 20e is formed of 
bone, it is not necessary to remove the retainer member 
from the bones 112 and 114 after the tissue 22e has 
healed. 

The retainer member 20e is positioned in a cylindrical 
opening 40e which extends through the bone 112 through 
the tissue 22e and into the bone 114. In the embodiment 
of the invention illustrated in Fig. 10, the relatively long 
passage 40e is formed with a drill. However, if desired, the 
retainer member 20e could be utilized to form the passage 
40e in the manner previously described in conjunction with 
the embodiments of the invention illustrated in Figs. 1-8. 

It is believed, due to the relatively long length of the 
passage 40e, it may be desired to drill a small diameter 
pilot passage before using the retainer member 20e to form 
the passage 40e. A pusher member, corresponding to the 
pusher member 66 of Fig. 2, would move into the passage 
40e to apply force against the retainer member 20e which 
is illustrated as having a length which is shorter than the 
passage 40e. If desired, the length of the retainer member 
20e could be increased so that a trailing end portion of the 
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retainer member 20e would be flush with the entrance to 
the passage 40e when the leading end portion of tKe 
retainer member is in the position illustrated in Fig. 10. 
Alternatively, the passage 40e could be drilled only through 
the bone 112. The remainder of the passage would be 
formed through the tissue 22e and a portion of the bone 
114 by the retainer member 20e. 

The bones 112 and 114 have compact outer layers 32e 
which enclose cancellous bone 34e. The retainer member 
20e extends from the cancellous bone 34e in the bone 112 
through the compact outer layer 32e of the bone 112 into 
the tissue 22e. The retainer member 20e extends from the 
tissue 22e through the compact outer layer 32e of the bone 
114. The retainer member 20 extends into the cancellous 
bone 34e of the bone 114. 

Since the retainer member 20e extends through the 
tissue 22e, the retainer member is effective to secure the 
tissue 22e against movement relative to the bones 112 and 
114. Since the retainer member 20e extends between the 
bones 112 and 114, the retainer member is effective to 
immobilize the joint 116. Of course, immobilization of the 
joint can be terminated by merely applying sufficient force 
to the bones 112 and 114 to break the retainer member 20e 
at the joint 116. 

The retainer member 20e is formed of bone. The 
illustrated embodiment of the retainer 20e is formed of 
hard cortical bone which has been freeze dried. However, 



the retainer 20e could be formed of other materials if 
desired- For example/ the retainer 20e could be formed of 
biodegradable polymers. Alternatively, the retainer 20e 
could be formed of a ceramic material. 

Embodiment of Figs, 11 and 12 

i n the embodiment of the invention illustrated in Figs. 
9 and 10, a relatively short retainer member 20e extends 
between bones 112 and 114 to immobilize a joint 116 and 
to secure tissue 22e against movement relative to the joint. 
In the embodiment of the invention illustrated in Figs. 11 
and 12, a relatively long retainer member is provided to 
immobilize the joint and hold tissue against movement 
relative to the joint. Since the embodiment of the 
invention illustrated in Figs. 11 and 12 is generally similar 
to the embodiment of the invention illustrated in Figs. 1-10 
similar numerals will be utilized to designate similar 
components, the suffix letter "f" being associated with the 
numerals of Figs. 11 and 12. 

Bones 112f and 114f are interconnected at a joint 
116f. Tissue 22f extends into the joint 116f and is 
disposed between the ends of the bones 112f and 114f. A 
retainer member 20f extends between the bones 112f and 
114f and extends through the tissue 22f at the joint 116f. 
The retainer member 20f immobilizes the joint, that is, the 
retainer member secures the bones 112f and 114f against 
movement relative to each other. In addition, the retainer 
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20f secures the tissue 22f against movement relative to the 
bones 112f and 114f at the joint 116f. 

In accordance with one of the features of the present 
invention, the retainer member 20f is formed of bone. The 
retainer member 20f may be formed of hard cortical bone 
which has been freeze dried. The retainer member 20f is 
utilized to form an opening 40f which extends through the 
bone 112f, through the tissue 22f, and into the bone 114f. 
If desired, the retainer member 20f could extend through 
the bone 114f and have a lower (as viewed in Fig. 11) end 
which is flush with an outer side surface of the bone. 

The retainer member 20f has a cylindrical 
configuration and is integrally formed as one piece of bone. 
The retainer member 20f has a pointed leading end portion 
44f which initiates formation of the opening 40f. If 
desired, a relatively small diameter pilot opening could be 
drilled through the bone 112f, body tissue 22f into the bone 
114f. The retainer member 20f would then be utilized to 
form the opening 40f by enlarging the small pilot opening. 
In the embodiment of the invention illustrated in Fig. 10, it 
is contemplated that it may be preferred to form the 
opening 40e with a drill. However, in the embodiment of 
the invention illustrated in Figs. 11 and 12, it is 
contemplated that it will be preferred to utilize the retainer 
member 20f to form the opening 40f. 

When the retainer member 20f is to be positioned in 
the bones 112f and 114f, a hard outer surface 48f of a 
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compact outer layer 32f of the bone 112f is ground or 
abraded away with a decortication process. This exposes 
an imperforate inner area 50f on the compact outer layer 
32f of the bone 112f. The leading end portion 44f of the 
retainer member 20f is then positioned in engagement with 
the inner area 50f. 

A force, corresponding to the force 70 of Fig. 2, is 
then applied to a trailing end portion 68f of the retainer 
member 20f. The retainer member 20f may be enclosed 
with a tubular member, corresponding to the tubular 
member 58 of Fig. 2. Force may be applied against the 
trailing end portion 68f of the retainer member 20f with a 
pusher member, corresponding to the pusher member 66 of 
Fig. 2. The force applied to the trailing end portion 68f of 
the retainer member 20f extends parallel to a longitudinal 
central axis 54f of the retainer member 20f. 

The force applied to the trailing end portion 68f of the 
retainer member 20f causes the pointed leading end portion 
44f of the retainer member to initiate the formation of the 
opening 40f in the compact outer layer 32f of the bone 
112f. The force applied to the trailing end portion 68f of 
the retainer member 20f moves the leading end portion 44f 
of the retainer member through the compact outer layer 32f 
into cancellous bone 34f which is enclosed by the compact 
outer layer 32f. 

The continued application of force to the trailing end 
portion 68f of the retainer member 20f moves the retainer 
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member through the cancellous bone 34f. The leading end 
portion 44f of the retainer member 20f moves into 
engagement with an inner side surface 122 of the compact 
outer layer 32f. The pointed leading end portion 44f then 
penetrates the compact outer layer 32f for a second time. 
This results in the formation of an opening 40f which 
extends through the bone 112f. 

The leading end portion 44f of the retainer member 
20f then enters the tissue 22f. The continued application 
of force against the trailing end portion 68f of the retainer 
member 20f moves the leading end portion 44f into the 
compact outer layer 32f on the bone 114f. If desired, a 
hard outer surface 48f on the compact outer layer 32f of 
the bone 114f could be removed with a decortication 
process at the location where the leading end portion 44f of 
the retainer member 20f moves into initial engagement with 
the bone 114f. 

The continued application of force against the trailing 
end portion 68f of the retainer member 20f moves the 
retainer member through the compact outer layer 32f of the 
bone 114f into cancellous bone 34f. Movement of the 
retainer member 20f into the bone 114f can be terminated 
with the leading end portion 44f in the cancellous bone 34f 
of the bone 114f, as shown in Fig. 11. However, if desired, 
the movement of the retainer member 20f along its 
longitudinal central axis 54f could be continued and the 
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retainer member moved through the compact outer layer 
32f of the bone 114f for a second time. 

When the retainer member 20f is moved through the 
bone 112f and the tissue 22f into the bone 114f, a shown in 
Fig. 11, the retainer member immobilizes the joint 116f. In 
addition, the retainer member 20f secures the tissue 22f in 
the joint 116f. 

During movement of the retainer member 20f into and 
through the bone 112f into and through the tissue 22f and 
into the bone 114f, it is believed that it may be preferred to 
enclose the portion of the retainer member 20f which is 
disposed outside of the opening 40f with a tubular sleeve 
or member, corresponding to the tubular sleeve or member 
58 of Fig. 2. The end of the tubular member would be 
positioned in engagement with the inner area 50f on the 
compact outer layer 32f of the bone 112f. A pusher 
member, corresponding to the pusher member 66 of Fig. 2, 
would be utilized to apply force against the trailing end 
portion 68f of the retainer member 20f. 

It is believed that it would be particularly 
advantageous to utilize indicia which indicates the extent to 
which the leading end portion 44f of the retainer member 
20f is moved along the central axis 54f. This is because 
the opening 40f has a relatively long axial extent and the 
use of indicia, corresponding to the indicia 74 of Fig. 2, on 
the pushrod will enable a surgeon to determine exactly 
where the leading end portion 44f of the retainer member 



-40- 



20f is located relative to the bones 112f and 114f. The 
indicia will also allow the surgeon to terminate movement 
of the retainer member 20f along the axis 54f when the 
retainer member is moved to the position shown in Fig. 11. 

After the joint 116f has been immobilized for a 
sufficient period of time to enable the tissue 22f to heal, it 
is contemplated that it may be desired to release the joint 
116f so that the bones 112f and 114f can move relative to 
each other at the joint- To release the joint 116f, force is 
applied to the bones 112f and 114f to break the retainer 
member 20f in the manner illustrated schematically in Fig. 
12. Thus, force applied to the bones 112f and 114f tends 
to rotate the bone 114f in a counterclockwise direction from 
the position illustrated in Fig. 11 to the position shown in 
Fig. 12. As this occurs, the force applied to the retainer 
member 20f causes the retainer member to break or 
fracture at a location indicated schematically at 126 in Fig. 
12. Since the retainer member 20f is formed of bone which 
is relatively weak in tension, a relatively small amount of 
force is required to break the retainer member 20f. Since 
the retainer member 20f is formed of bone, there is no 
need to remove the retainer member after it has been 
broken. 

Embodiment of Fig, 13 

In the embodiment of the invention illustrated in Figs. 
11 and 12, the retainer member 20f is utilized to initiate 
the formation of the opening 40f and to form the opening. 



In the embodiment of the invention illustrated in Fig. 13, a 
guide wire or rod is utilized to initiate 'formation of the 
opening which is subsequently formed by the retainer 
member. Since the embodiment of the invention illustrated 
in Fig. 13 is generally similar to the embodiment of the 
invention illustrated in Figs. 1-12, similar numerals will be 
utilized to designate similar components, the suffix letter 
"g" being associated with the numerals of Fig. 13 to avoid 
confusion. 

Tissue 22g (Fig. 13) is disposed between bones 112g 
and 114g at a joint 116g. A retainer member 20g is utilized 
to secure the tissue 22g against movement relative to the 
bones 112g and 114g and to secure the bones against 
movement relative to each other. The retainer member 20g 
has a cylindrical configuration and is formed of bone. The 
retainer member 20g may be formed of hard cortical bone 
which has been freeze dried. 

In accordance with one of the features of the 
embodiment of the invention illustrated in Fig. 13, a 
cylindrical guide wire or rod 132 extends through a 
cylindrical passage 134 formed in the retainer member 20g. 
The guide wire or rod 132 forms small diameter pilot 
openings which extend through the bone 112g, through the 
tissue 22g at the joint 116g and into the bone 114g. The 
guide wire or rod 132 is moved to the position illustrated in 
Fig. 13 to form the relatively small diameter pilot openings 
while the retainer member 20g is spaced apart from the 
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guide wire or rod. To move the guide wire or rod 132 to 
the position shown in Fig. 13/ an axial force is applied 
against the guide wire. 

Once the guide wire 132 has been moved through the 
bone 112g, the tissue 22g, and into the bone 114g in the 
manner illustrated in Fig. 13, the retainer member 20g is 
moved into telescopic engagement with the guide wire 132. 
To provide for engagement of the guide wire 132 with the 
retainer member 20g, the upper (as viewed in Fig. 13) end 
of the guide wire 132 is inserted into the cylindrical 
passage 134 which extends axially through the retainer 
member 20g. The retainer member 20g is then moved 
axially along the guide wire 132 until a conical leading end 
portion 44g of the retainer member 20g engages an inner 
area 50g on the compact outer layer 32g of the bone 112g. 
The inner area 50g is formed by abrading or otherwise 
removing a hard outer surface layer 48g from the compact 
outer layer 32g with a decortication process. 

Once the retainer member 20g has been moved along 
the guide wire 132g into engagement with the compact 
outer layer 32g of the bone 112g, a tubular sleeve or 
member 58g is moved along the guide wire rod 132 into 
telescopic engagement with the retainer member 20g. An 
annular leading end portion 62g of the tubular sleeve 58g i 
moved into engagement with the area 50g in the manner 
illustrated in Fig. 13. At this time, the leading end portion 
44g of the retainer member 20g is also disposed in 
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engagement with the area 50g on the compact outer layer 

32g of the bone 12g. 

The tubular sleeve 58g has an axial extent which is 

greater than the axial extent of the retainer member 20g. 

Therefore, the tubular sleeve 50g extends axially past an 

upper or trailing end portion of the retainer member 20g. 

At this time, the retainer member 20g is fully enclosed by 

the tubular sleeve 58g. 

A pusher member 66g has a longitudinally extending 

cylindrical passage 138 through which the guide wire rod 
132 extends. When the leading end portion 44g of the 

retainer member 20g is disposed in engagement with the 

inner area 50g, the tubular sleeve 58g encloses the retainer 
member- The pusher member 66g extends axially upward 
(as viewed in Fig. 13) from the upper end portion of the 

tubular sleeve or member 58g. 

In order to form the opening 40g with the retainer 
member 20g, force, indicated schematically by arrows 70g 
in Fig. 13, is applied against the upper (as viewed in Fig. 
13) end of the pusher member 66g. The force is 
transmitted from the pusher member 66g to the retainer 
member 20g. The force transmitted to the retainer member 
20g causes the leading end portion 44g of the retainer 
member 20g to form the opening 40g in the compact outer 
layer 32g of the bone 112g. 

As the opening 40g is formed in the compact outer 
layer 32g of the bone 112g by the retainer member 20g, 
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the retainer member is moved axially along the guide wire 
132. Therefore, the guide wire 132 is effective to steer 
movement of the retainer member 20g through the bone 
112g and tissue 22g into the bone 114g. As the force 70g 
applied by the pusher member 66g to the trailing end of the 
retainer member 20g moves the retainer member 20g into 
cancellous bone 34g of the bone 112g, the guide wire 132 
cooperates with the retainer member 20g to prevent 
deviation of the retainer member from its intended course. 

Continued movement of the retainer member 20g 
along the guide wire 132 under the influence of force 70g, 
results in the leading end portion 44g of the retainer 
member 20g moving into engagement with an inner side 
surface 122g of the compact outer layer 32g on the bone 
112g. Continued application of axial force to the retainer 
member 20g moves the retainer member along the guide 
wire 132 through the compact outer layer 32g and into the 
tissue 22g. The leading end portion 44g of the retainer 
member 20g then moves into engagement with the compact 
outer layer 32g of the bone 114g. 

Continued movement of the retainer member 20g 
along the guide wire 132 moves the leading end portion 
44g of the retainer member through the compact outer 
layer 32g of the bone 114g. The leading end portion 44g of 
the retainer member 20g then moves into cancellous bone 
34g which is enclosed by the compact outer layer 32g of 
the bone 114g. Indicia, corresponding to the indicia 74 of 
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Fig. 2, on the pusher member 66g cooperates with the 
tubular sleeve 58g to indicate when the leading end portion 
44g of the retainer member 20g has reached the lower (as 
viewed in Fig. 13) end of the guide wire 132. When this 
happens, an application of the force 70g to the pusher 
member 66g is interrupted and axial movement of the 
retainer member 20g along the guide wire 132 is 
interrupted. At this time, a trailing end portion of the 
retainer member 20g will have reached the end of the 
tubular sleeve 58 and be adjacent to the inner area 50g on 
the compact outer layer 32g of the bone 112g. 

The tubular sleeve 58g and pusher member 66g are 
then disengaged from the guide wire 132 by moving them 
axially upward (as viewed in Fig. 13) away from the bone 
112g along the guide wire. The guide wire 132 is then 
withdrawn from the retainer member 20g. 

After the guide wire 132 is withdrawn from the 
retainer member 20g, the retainer member is disposed in 
the same orientation relative to the bones 112g and 114g 
as is the retainer member 20f relative to the bones 112f 
and 114f of Fig. 11. Thus, the retainer member 20g will 
extend through the bone 112g and through the body tissue 
22g into the bone 114g. If desired, the retainer member 
20g could be moved through the bone 114g so that the 
leading end portion 44g of the retainer member 20g 
extends from the outer side surface of the bone 114g. The 
leading end portion 44g of the retainer member would then 
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be removed so that the end of the retainer member 20g 
would be aligned with the outer side surface of the bone 
114g to provide a smooth area which would not irritate 
adjoining tissue. If the retainer member 20g is to extend 
through the bone 114g, the guide wire 132 would be moved 
through the bone 114g to enable the guide wire to guide 
movement of the retainer member 20g throughout the 
extent of axial movement of the retainer member relative to 
the bone 114. 

Once the retainer member 20g has been moved to the 
desired position relative to the bones 112g and 114g, that 
is to a position corresponding to the position of the retainer 
member 20f of Fig. 11 relative to the bones 112f and 114f, 
the joint 116g is immobilized. Thus, the bones 112g and 
114g are secured against movement relative to each other. 
In addition, the tissue 22g is secured against movement 
relative to the bones 112g and 114g. 

In the embodiment of the invention illustrated in Fig. 
13, the retainer member 20g is formed of bone. However, 
the retainer member 20g may be formed of other materials 
if desired. For example, the retainer member 20g could be 
formed of a biodegradable material. Alternatively, the 
retainer member 20g could be formed of a ceramic 
material. 

Conclusion 

In view of the foregoing description, it is apparent 
that the present invention relates to a new and improved 
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method of securing tissue 22 against movement relative to 
a portion of a bone 24 in a patient's body. The method" 
includes positioning a retainer member 20 formed of bone 
in the portion of the bone 24 in the patient's body and 
connecting the retainer member with the tissue 22 to be 
secured. The step of positioning the retainer member 20 
formed of bone in the patient's body may include utilizing 
the retainer member to form an opening 40 in a compact 
outer layer of the portion of the bone 24 in the patient's 
body. 

When the retainer member 20 formed of bone is used 
to form an opening 40 in the portion of the bone 24 in the 
patient's body, the retainer member may advantageously be 
at least partially enclosed in a tubular member 58. Force 
70 may be applied against a trailing end portion 68 of the 
retainer member 20 formed of bone to force a leading end 
portion 44 of retainer member into the portion of the bone 
24 in the patient's body. Movement of the retainer member 
20 into the portion of the bone 24 in the patient's body may 
advantageously be interrupted when the leading end 
portion 44 of the retainer member has moved to a 
predetermined depth in the bone in the patient's body. 

The retainer member 20 formed of bone may extend 
through and/or tension body tissue 22 which is to be 
connected with the bone 24 in the patient's body by the 
retainer member. The retainer member 20 formed of bone 
may have a head end portion 82 which engages body tissue 
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22. Alternatively, the retainer member 20 formed of bone 
may be utilized to anchor a suture 86 which is connected 
with body tissue. The retainer member 20 formed of bone 
may be positioned in a bone 24 in the patient's body so as 
to extend across a fracture 102 and hold the portions 104 
and 106 of the bone on opposite sides of the fracture 
against movement relative to each other. 

A retainer member 20, which may or may not be 
formed of bone, is utilized to immobilize a joint 116 by 
having the retainer member extend between bones 112 and 
114 at the joint. If it is subsequently desired to release the 
joint 116 for movement, the retainer member may be 
broken. 



